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1
FUEL NOZZLE ENCLOSURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject invention relates generally to a fuel delivery
system of an engine and more specifically to an enclosure for
a portion of a fuel nozzle of an engine.

2. Description of the Prior Art

Engines, such as gas turbine engines or other kinds of
engines, may include fuel delivery systems that include fuel
injection nozzles that partially extend away from the engine.
In some applications, these fuel nozzles are an assembly of
several parts and the joints between those parts can define
potential leak paths for fuel. It can be necessary or at least
desirable to enclose such fuel nozzles to capture any fuel that
leaks past a primary seal of the fuel nozzle.

The Federal Aviation Authority (FAA) requires that the
design and construction of the engine and the materials used
must minimize the probability of the occurrence and spread
of fire. The FAA also requires that each external line, fitting,
and other component, which contains or conveys flammable
fluid must be fire resistant and components must be shielded
or located to safeguard against the ignition of leaking flam-
mable fluid. These requirements can be found at Title 14 of
the Code of Federal Regulations, Section 33.17.

SUMMARY OF THE INVENTION

In summary, the invention is an enclosure assembly for
enclosing a portion of a fuel system of an engine, such as a
portion of a fuel nozzle body that extends away from the
engine. The enclosure assembly includes a nozzle body cover
portion operable to enclose a fuel nozzle body. The enclosure
assembly also includes a fuel line cover portion unitary with
the nozzle body cover portion and operable to enclose a
portion of a fuel supply line connected to the fuel nozzle body.
Both of the nozzle body cover portion and the fuel line cover
portion are defined by a first and second half-shells operable
to cooperate together in a clam shell arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention will be readily appre-
ciated, as the same becomes better understood by reference to
the following detailed description when considered in con-
nection with the accompanying drawings wherein:

FIG. 1is a partially schematic view of a gas turbine engine
with a combustor section shown in detailed perspective;

FIG. 2 is a first perspective view of an enclosure assembly
according to a first exemplary embodiment of the invention;

FIG. 3 is a second perspective view of the first exemplary
enclosure assembly, partially disassembled to show the inte-
rior of the enclosure assembly;

FIG. 4 is a perspective view of an enclosure assembly
according to a second exemplary embodiment of the inven-
tion;

FIG. 5 is a second perspective view of the second exem-
plary enclosure assembly;

FIG. 6 is a cross-sectional view taken along lines 6-6 in
FIG. 4 when the second exemplary embodiment of the inven-
tion is in operation; and

FIG. 7 is a cross-sectional view taken along lines 7-7 in
FIG. 4 when the second exemplary embodiment of the inven-
tion is in operation.

DETAILED DESCRIPTION OF THE INVENTION

A plurality of different embodiments of the invention are
shown in the figures of the application. Similar features are
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shown in the various embodiments of the invention. Similar
features have been numbered with a common reference
numeral and have been differentiated by an alphabetic suffix.
Similar features are structured similarly, operate similarly,
and/or have the same function unless otherwise indicated by
the drawings or this specification. Furthermore, particular
features of one embodiment can replace corresponding fea-
tures in another embodiment unless otherwise indicated by
the drawings or this specification.

In some engines, fuel nozzles inject fuel into combustion
zones such as the interior of a cylinder in a reciprocating
engine or the interior volume of a combustor section in a gas
turbine engine. Fuel nozzles can include a body portion that
extends outward, away from the engine. This outer portion of
the fuel nozzle may include a plurality of individual compo-
nents that are connected together. Each connection between
two or more components defines a path for potential fuel
leakage. It can therefore be desirable to enclose the fuel
nozzle to enclose all of the paths of potential fuel leakage. In
addition, it can be desirable to form an enclosure for a fuel
nozzle such that the enclosure can be removed and re-in-
stalled.

Referring to FIG. 1, a portion of a gas turbine engine is
generally shown at 10. The engine 10 includes a compressor
section 12 (shown schematically) for compressing air, a com-
bustor section 14 in communication with the compressor
section 12, and a turbine section 16 (also shown schemati-
cally) in communication with the combustor section 14. A
fuel delivery system is generally indicated at 18 and distrib-
utes a supply of fuel to the combustor section 14 to mix with
the compressed air received from the compressor section 12.
The fuel delivery system 18 includes a fuel manifold 20 and
a plurality of fuel supply lines 22 in communication with the
fuel manifold 20. The fuel supply lines 22 are coupled to the
fuel manifold 20 by a plurality of fluid fittings 24.

Referring now to FIGS. 1-3, the fuel supply lines 22 indi-
vidually communicate fuel to one of a plurality of fuel nozzle
bodies 26. The fuel nozzle bodies 26 are spaced circumfer-
entially about the combustor section 14 shown in FIG. 1. The
fuel nozzle bodies 26 each have a fuel nozzle cap 28 disposed
at an upper end. The fuel nozzle cap 28 includes threads for
threading engagement with the fuel nozzle body 26. The cap
28 can be a desirable feature of the fuel nozzle for servicing
and replacing internal components of the fuel nozzle; how-
ever, the threaded connection between the cap 28 and the
body 26 defines a leak path.

A plurality of enclosure assemblies 30 are individually
positioned about the combustor section 14 to enclose one of
the fuel nozzle bodies 26, the associated cap 28, and a portion
of'the associated fuel supply line 22. As used herein, the fuel
supply line 22 includes a pipe or tube portion and/or any
fitting or hardware disposed to connect the pipe or tube por-
tion to the nozzle body 26.

Each enclosure assembly 30 includes first and second half-
shells 32 and 34 that cooperate with one another in a clam
shell arrangement to enclose the nozzle body 26 and at least a
portion of the fuel line 22. The nozzle body 26 is enclosed by
anozzle body cover portion 36 of the enclosure assembly 30.
The fuel line 22 is enclosed by a fuel line cover portion 38 of
the enclosure assembly 30. The nozzle body cover portion 36
and the fuel line cover portion 38 are unitary, as shown best by
FIG. 2.

Referring now to FIG. 2 in particular, the first half-shell 32
includes a half-cup portion 40 shaped to correspond to the
shape of the nozzle body 26. Likewise, the second half-shell
34 includes a half-cup portion 42 shaped to correspond to the
shape of the nozzle body 26. The half-cup portions 40, 42 are
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substantially mirror images of one another in the first exem-
plary embodiment of the invention, but could be shaped dif-
ferently from one another in alternative embodiments of the
invention. The half-cup portions 40, 42 cooperate to define
the nozzle body cover portion 36.

The first half-shell 32 also includes a half-sleeve portion 44
shaped to correspond to the shape of the fuel line 22. Like-
wise, the second half-shell 34 includes a half-sleeve portion
(not visible) shaped to correspond to the shape of the fuel line
22. The half-sleeve portions, including the visible half-sleeve
portion 44 and the non-visible half-sleeve portion, are sub-
stantially mirror images of one another in the first exemplary
embodiment of the invention, but could be shaped differently
from one another in alternative embodiments of the invention.
The half-sleeve portions, including the visible half-sleeve
portion 44 and the non-visible half-sleeve portion, cooperate
to define the fuel line cover portion 38. For each half-shell 32,
34, the half-cup portion 40 and said half-sleeve portion 44 are
further defined as individually centered on axes 78, 80 that are
transverse to one another as shown in FIG. 3.

The half-cup and half-sleeve portions 40 and 44 of the first
half-shell 32 are integrally-formed and unitary in the first
exemplary embodiment of the invention. Similarly, the half-
cup portion 42 and non-visible half-sleeve portion of the
second half-shell 34 are integrally-formed and unitary in the
first exemplary embodiment of the invention. Thus, the first
and second half-shells 32, 34 of the enclosure assembly 30 do
not individually define any leak paths.

A gasket, o-ring, or some other sealing structure can be
positioned between the first and second half-shells 32, 34 to
eliminate leak paths. For example, FIG. 3 shows the half-shell
32 having tracks 46, 48 for receiving gaskets to eliminate
potential leak paths. A portion of an exemplary seal 84 is
shown in the track 46, with a portion not shown so that the
track 46 may be more clearly shown. The seal 84 extends
along a portion of a periphery of the enclosure assembly 30
that is defined by both first and second half-shells 32, 34. In
other words, the seal 84 eliminates a leak path between the
first and second half-shells 32, 34. A similarly-functioning
seal can be positioned in the track 48.

When the first and second half-shells 32, 34 are connected,
the first exemplary enclosure assembly 30 defines a first open-
ing 50 encircling the nozzle body 26 and a second opening 52
encircling the fuel line 22. As shown in the Figures, the
openings 50, 52 are defined in different planes. The track 48
extends along a portion of a periphery of the enclosure assem-
bly 30 that is partially defined by both of the first and second
half-shells 32, 34. This portion of the periphery is extends
between the opening 52 and an end 82 of the track 48. This
portion of the periphery can be considered the underside of
the fuel line cover portion 38 of the enclosure assembly 30.

The exemplary track 48 also extends along a portion of the
periphery defined by only the first half-shell 32. Specifically,
the track 48 can extend semi-annularly from the end 82
around one-half of the opening 50. The track 48 can receive a
seal that is operable to seal the first half-shell 32 against a
surface 54 of another structure, such as the combustor section
14, to seal the first opening 50. Thus, a seal positioned in the
track 48 would eliminate a leak path extending between the
first and second half-shells 32, 34 and would also eliminate a
leak path defined across only the first half-shell 32.

In the first exemplary embodiment of the invention, the
second opening 52 is sealed by an o-ring 56 mounted in an
annular ferrule 58. The annular ferrule 58 encircles and seals
against the fuel line 22. Thus, the enclosure assembly 30 can
cooperate with appropriate gaskets, o-rings, and other struc-
tures to define a sealed cavity in which the nozzle body 32 and
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at least a portion of the fuel line 22 are positioned. A drain 60
shown in FIG. 2 can communicate with the interior of enclo-
sure assembly 30 to drain any leaked fuel contained in the
cavity. The drain 60 communicates with an inner volume of
the enclosure assembly 30.

The first and second half-shells 32, 34 can include flanges
and extensions as desired for attaching the first and second
half-shells 32, 34 together. These structures can also be oper-
able to attach the first and second half-shells 32, 34 to the
combustor section 14 or any other intermediary structure that
connects the nozzle body 26 to the combustor section 14. In
the first exemplary embodiment of the invention, flanges 62,
64 project from the first and second half-respectively shells
32, 34, respectively and extend around a substantial portion of
the periphery ofthe enclosure assembly 30. The portion of the
periphery can be considered an outwardly-facing or top por-
tion. The flanges 62, 64 can define one or more aligned
apertures for receiving fasteners, such as fasteners 66 each
comprising a nut 68 and a bolt 70. The first and second
half-shells 32, 34 can also be connected together with other
types of structures, such as a clamp 72.

An extension 74 projects from the first half-shell 32 and is
hook-like. A fastened can be received in the hook and press
the extension 74 against the combustor section 14 or any other
structure that connects the nozzle body 26 to the combustor
section 14 to prevent the enclosure 30 from moving relative to
the combustor section 14. The hook shape also allows the
enclosure assembly 30 to be at least partially adjustable with
respect to its position. However, any structure can be
employed to connect the enclosure assembly 30 to a support
structure.

FIGS. 4-7 show a second exemplary embodiment of the
invention. In FIG. 4, an enclosure assembly 30a is operable to
enclose a fuel nozzle body 26a with a cap 284 and also a
portion of a fuel supply line 22a (shown in FIG. 7). The fuel
nozzle body 26a with a cap 28a are shown as one component
in the cross-sectional views since the internal details are not
relevant to the invention. The enclosure assembly 30a
includes first and second half-shells 32a and 34a that coop-
erate with one another in a clam shell arrangement. The
nozzle body 26a is enclosed by a nozzle body cover portion
36a of the enclosure assembly 30a. A portion of the fuel line
is enclosed by a fuel line cover portion 38a of the enclosure
assembly 30a.

The nozzle cover portion 36a includes a half-cup portion
40a ofthe first half-shell 32a and a half-cup portion 42a ofthe
second half-shell 34a. The fuel line cover portion 38a
includes a half-sleeve portion 44a of the first half-shell 46a
and a half-sleeve portion 39a of the second half-shell 34a.
The portions 40a and 444 are integrally-formed and unitary as
are the portions 42a and 39a. The nozzle body cover portion
36a and the fuel line cover portion 38a are thus unitary when
the half-shells 32a, 34a are joined together.

The second exemplary embodiment of the invention differs
from the first exemplary embodiment in at least two respects.
First, the enclosure assembly 30q includes a hinge arrange-
ment 74a connecting the first and second half-shells 32a, 34a
together for pivoting movement relative to one another. Sec-
ond, the enclosure assembly 30a includes an extension sleeve
76a attachable to the fuel line portion 38a. The hinge arrange-
ment 74a allows the first and second half-shells 32a, 34a to be
retained together when the enclosure 30a is removed for
servicing the nozzle body 26a. Also, the hinge arrangement
74a can be useful when re-installing the enclosure 30a. For
example, one of the half-shells 32a, 34a can be fixed to the
combustor section and then the half-shells 32a, 34a can be
connected together. The extension sleeve 764 can be useful to



US 9,133,770 B2

5

render a single size ofhalf-shells 324, 34a usable in a plurality
of different engines. In other words, the extension sleeve 76a
can be relatively longer or shorter to accommodate any par-
ticular environment, while the half-shells 32a, 34a can be
similarly sized.

The cross-sectional views of FIGS. 6 and 7 show sealing
aspects of the second exemplary embodiment of the inven-
tion. A seal 84a is disposed in a track 46a of the half-shell 32
and seals the half-shells 32a, 34a relative to one another. An
o-ring 86a encircles the fuel nozzle body 26a and seals the
fuel nozzle body 26a relative to the half-shells 324, 34a. A
seal 884 also encircles the fuel nozzle body 264 and seals the
half-shells 32a, 34a relative to a surface 50a of the support
structure. An o-ring 90a encircles the fuel supply line 22a and
seals the extension sleeve 76a relative to the half-shells 32a,
34a. An o-ring 564 mounted in an annular ferrule 58a seals
the fuel line 224 relative to an opening 52a defined by the
enclosure assembly 30a. The ferrule 58a can be sealed
against the fuel line 22a by joining the parts in a press-fit
relationship, or by positioning a seal such as an o-ring
between the parts.

While the invention has been described with reference to
an exemplary embodiment, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. An enclosure assembly for a portion of a fuel delivery
system comprising:

a nozzle body cover portion operable to enclose at least a

portion of a fuel nozzle body; and

a fuel line cover portion unitary with said nozzle body

cover portion and operable to enclose a portion of a fuel
supply line connected to the fuel nozzle body, wherein
both of said nozzle body cover portion and said fuel line
cover portion are defined by first and second half-shells
operable to cooperate together in a clam shell arrange-
ment.

2. The enclosure assembly of claim 1 wherein each of said
first and second half-shells further comprise:

a half-cup portion shaped to correspond to a shape of the

nozzle body; and

a half-sleeve portion shaped differently than said half-cup

portion to correspond to a shape of the fuel supply line,
wherein said half-cup portion and said half-sleeve por-
tion are integrally-formed and unitary.

3. The enclosure assembly of claim 2 wherein said half-cup
portion and said half-sleeve portion cooperate to define first
and second openings and wherein said first and second open-
ings are in different planes.

4. The enclosure assembly of claim 1 wherein at least one
of said first and second half-shells further comprises:

at least one recessed track for receiving a sealing structure.

5. The enclosure assembly of claim 4 wherein said at least
one recessed track extends along a first portion of a periphery
of said enclosure assembly defined between said first and
second half-shells and also extends along a second portion of
said periphery of said enclosure assembly defined by only one
of said first and second half-shells.
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6. The enclosure assembly of claim 1 further comprising:

a hinge arrangement connecting said first and second half-
shells together for pivoting movement relative to one
another.

7. The enclosure assembly of claim 6 wherein said enclo-
sure assembly defines first and second openings and wherein
said hinge arrangement is positioned on said enclosure
assembly such that both of said first and second openings
widen when said first and second half-shells pivot away from
one another.

8. The enclosure assembly of claim 1 further comprising:

an extension sleeve connectable to said fuel line cover
portion.

9. A fuel delivery system for a gas turbine engine compris-
ing:

a fuel manifold for distributing a supply of fuel; at least one
fuel supply line in fluid communication with said fuel
manifold for receiving fuel from said fuel manifold;

at least one fuel nozzle body in fluid communication with
said at least one fuel supply line for providing fuel to a
combustor section of a gas turbine engine; and

at least one enclosure assembly having:

a nozzle body cover portion substantially enclosing said at
least one fuel nozzle body and defining a first opening
encircling said at least one nozzle; and

a fuel line cover portion substantially enclosing at least a
portion of said at least one fuel supply line and defining
a second opening encircling said at least one fuel supply
line, wherein both of said nozzle body cover portion and
said fuel line cover portion are defined by a first and
second half-shells operable to selectively couple and
uncouple from one another in a clam shell arrangement.

10. The fuel delivery system of claim 9 further comprising:

an annular ferrule encircling and sealing against said at
least one fuel supply line adjacent to said second open-
ing; and

an o-ring positioned between said annular ferrule and said
fuel line cover portion to seal said second opening.

11. The fuel delivery system of claim 9 further comprising:

a clamp disposed around said fuel supply line cover por-
tion.

12. The fuel delivery system of claim 9 further comprising:

at least one drain operable to communicate fluid from an
interior of said at least one enclosure assembly.

13. The fuel delivery system of claim 12 wherein said at
least one drain is further defined as being positioned to com-
municate with said fuel supply line cover portion.

14. The fuel delivery system of claim 9 wherein each of
said first and second half-shells further comprise:

a half-cup portion shaped to correspond to a shape of said

at least one fuel nozzle body; and

a half-sleeve portion shaped to correspond to a shape of
said at least one fuel supply line, wherein said half-cup
portion and said half-sleeve portion are integrally-
formed and unitary.

15. The fuel delivery system of claim 14 wherein:

said first half-shell includes a first flange extending along
both of' said half-cup portion and said half-sleeve portion
with at least one aperture defined in said flange;

said second half-shell includes a second flange extending
along both of said half-cup portion and said half-sleeve
portion with at least one aperture defined in said flange,
said first and second flanges in back-to-back relationship
with said respective apertures aligned; and
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a fastener extendable through said aligned apertures and
fixing said first and second half-shells together.
16. The fuel delivery system of claim 9 wherein said enclo-
sure assembly further comprises:

at least one extension extending cantilevered from said
nozzle body cover portion or said fuel supply line cover
portion and defining a hook shape for adjustably con-
necting and positioning said enclosure assembly to an
engine.

17. The fuel delivery system of claim 9 further comprising:

a hinge arrangement connecting said first and second half-
shells together for pivoting movement relative to one
another during assembly to said at least one fuel nozzle
and said at least one fuel supply line.

18. The fuel delivery system of claim 17 wherein an axis of
said hinge arrangement extends substantially parallel to an
axis of said nozzle body cover portion.

19. The fuel delivery system of claim 9 further comprising:

first and second semi-annular flanges respectively extend-
ing from said first and second half-shells and aligned
together to surround said second opening and each
including an aperture; and

an extension sleeve for increasing a length of the said fuel
supply line cover portion and including an annular
flange with a pair of apertures alignable with said aper-
tures of said first and second semi-annular flanges for
receiving a fastener.
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20. A gas turbine engine comprising: a compressor section

for compressing air;

a combustor section positioned to receive the compressed
air from said compressor section;

a fuel manifold encircling said combustor section for dis-
tributing a supply of fuel;

a plurality of fuel supply lines in communication with said
fuel manifold and individually extending to a plurality of
different positions about said combustor section;

a plurality of fuel nozzle bodies individually disposed at
one of said plurality of different positions and each in
communication with one of said plurality of fuel supply
lines; and

a plurality of enclosure assemblies each being removably
attachable to said combustor section and enclosing one
of said plurality of fuel nozzle bodies, wherein each
enclosure assembly includes a nozzle body cover por-
tion substantially enclosing and defining a first opening
around said respective fuel nozzle body wherein said
first opening being sealed against said combustor sec-
tion and wherein each of said enclosure assemblies also
includes a fuel line cover portion substantially enclosing
at least a portion of said respective fuel supply line and
defining a second opening encircling said respective fuel
supply line, wherein both of said nozzle body cover
portion and said fuel line cover portion are defined by a
first and second half-shells operable to selectively
couple and uncouple from one another in a clam shell
arrangement.



